Background. There are no data on whether the transtheoretical model's staging algorithm for smoking acquisition is reliable or valid. The aim of this study was to examine the reliability of the algorithm.
INTRODUCTION
The transtheoretical model (TTM) [1] , sometimes called the stages of change model, has been widely applied in smoking cessation with adults, but less studied with respect to both adolescent acquisition and cessation. Stern et al. [2] first described stages of acquisition for the TTM. These were extended by Pallonen et al. [3] , by proposing that the stages of cessation are more or less the same as those in adults and the stages of acquisition are simply mirror images of the cessation stages. The multicomponent motivational stages (McMOS) model described by Werch and Diclemente [4] is similar to the transtheoretical model, describing similar stages of change classified by intention, but these have not been operationalized in the way that the transtheoretical model stages have. Both models describe discrete stages of change categorized by particular intentions with respect to drug use. Both models describe stage-specific cognitive and behavioral processes that drive movement through the stages. Werch and Anzalone [5] reviewed the evidence for the existence of stages in drug use acquisition, concluding that there was limited evidence supporting the validity of stages of acquisition of cigarettes, and to a lesser extent, other drugs.
Pallonen et al. [3] proposed that stages for smoking acquisition and cessation could be assigned using an algorithm, primarily classifying intention (Fig. 1 ). Pallonen et al. and Pallonen [3, 6] presented data on the association of these stages with sociodemographic and other transtheoretical model constructs. However, there are no reports of whether stage can be measured reliably with this algorithm. The aim of this study was to examine the reliability of the staging algorithm for the stages of smoking acquisition only, to examine demographic and other predictors of reliability, and to examine individually the reliability of each algorithm question relevant to acquisition.
METHODS

Rationale
Reliability of test items can be assessed by testretest, internal consistency, split-half, and parallel form methods [7] . The main data from this report are derived from a published trial [8, 9] , in which young people completed a paper questionnaire, followed by a computer questionnaire that constituted part of an expert system to prevent smoking among non-smokers and assist cessation among smokers. Along with the nature of the method for assessing stage, this inevitably constrained the method of assessing reliability adopted in this study.
There is a multi-item questionnaire to measure a previous version of the stages of change for smoking acquisition [2] , and a similar instrument for assigning stages in adult smoking cessation [10] . However, no such scale exists to measure the current formulation [3] of stages of smoking acquisition and cessation in adolescents. Therefore, it was impossible to assess the internal consistency, because this requires several measures to assess the same construct [7] . Second, the trial tested a commercially owned expert system, which incorporated the staging algorithm. For commercial reasons, our research team had no input into the wording of these questions. The staging questions for use in the paper questionnaire used in the trial were designed in parallel with those in the computer questionnaire, so it was not possible to synchronize the staging questions. This also meant that it was not possible to use split-half reliability testing for items where the wording differed, because alternative wordings could not be incorporated into either questionnaire [7] . As the commercial developers and our research team worked in parallel to anglicize the American staging algorithm questions, we inevitably created slightly different questionnaires (Table 1 ). This therefore meant that, inadvertently, we gave parallel forms of the questionnaire, albeit using two media (paper and computer) to trial participants. However, this parallel form test of reliability [7] is potentially confounded because the presentation medium differed (paper first, computer second). We therefore obtained a second sample. This second sample completed the same questionnaire under the same conditions, 2 weeks apart-classical test-retest methodology [7] . If the reliability of staging was similar in both assessments, this provided some evidence that the medium was not critical. A final issue is that the wording of the questions pertaining to staging smokers on the paper questionnaire was somewhat different from the original proposed by Pallonen et al. [3] , and different again from the computer questionnaire, particularly for the cessation stages. Data pertaining to the reliability of stage of change for smoking cessation were therefore of dubious validity. On the advice of the referee of the original submission of this article, these data are not reported. All stages on the right-hand side of Fig. 1 are referred to as "all smoking stages." 
Sampling and Measures
The data for this report come from two independent samples. For the first sample, the data are taken from a cluster randomized controlled trial of materials based on the TTM for smoking prevention and cessation [8, 9] . Briefly, 89 schools were randomly selected from West Midlands schools, and 52 (58.4%) participated. All Year 9 pupils (aged 13-14 years) in these schools were eligible to participate, and 8,352 were recruited from 52 randomly chosen schools in Autumn 1997. Of this total, 4,125 individuals in 26 schools were allocated to the intervention arm, and only this group completed the paper and computer questionnaires. Individuals consented to enter the trial, and 92% of registered pupils participated [8] . Pupils demonstrated consent by completion of an anglicized version of a questionnaire supplied by Professor Prochaska, and it contained the staging algorithm questions [3] . The questionnaire was administered to whole classes or year groups under examination conditions. Trained administrators read out standard instructions and assured pupils of confidentiality. Questionnaires were identified with numbers only. The question wording used in the paper questionnaire was identical to the original published algorithm [3] . Some trial participants were absent on the day that the baseline questionnaire was administered. They registered to participate in the trial by completing an absentee questionnaire on return to school, and their first session with the expert system took place 3 months or so later. Therefore, these participants were excluded. For the majority of participants in the intervention group, however, their first session on the expert system immediately followed completion of the baseline paper questionnaire. Of the 4,125 recruits in the intervention arm, 3,930 (95.3%) pupils used the computer program immediately following the paper questionnaire and constituted Sample 1 in this analysis. The computer program used identical wording and response formats to the published algorithm [3] , except that the words "are you planning to try" were substituted for "do you think you may try" in the question relating to smoking in the next 30 days ( Table 1 ). The same numbers and additional passwords ensured that the data entered into the computer were also confidential.
On the paper questionnaire, never smokers and occasional smokers were directed by instructions to answer the staging questions on the left of Fig. 1 , and current or ex-smokers were directed to answer only those questions on the right. In the expert system, the program presented only the relevant questions to accomplish the same task. Where vital information on stage was missing or contradictory (which could only result from the paper questionnaire), our stage code reflected this. Also, regardless of stage of cessation, all smokers were classified into a group termed "all smoking stages."
The second sample was drawn from a school participating in the same randomized trial of materials based on the TTM [8, 9] , but the participants in this sample were not part of this trial. We visited the school in Spring 1999 and administered the questionnaire to all Year 9 pupils, when trial participants were then in Year 10. The questionnaire was identical to the one used in the trial and administered by the same personnel in the same way. Two weeks later, we administered the identical questionnaire in identical circumstances. Pupils were told that they were completing the questionnaire twice to look at technical properties of the questionnaire and were asked to answer honestly on both occasions. The standard instructions were otherwise identical to those given to Sample 1. Of the 137 pupils on the Year 9 register, 131 (95.6%) were present on the first occasion and all consented to participate. On the second occasion, 128 (93.4%) were present and all agreed to participate. A total of 123 (89.8%) were present on both occasions and this constituted Sample 2. The demographic characteristics, stage, and smoking status of the two samples are shown in Table 2 .
Data Processing
The paper questionnaires were checked manually and read by a scanner. For Sample 1, the computer data were compiled from each computer and individu- al's data from questionnaire were matched to the computer data by the unique identity number. For Sample 2, both scanned questionnaire files were matched on unique identity numbers. If stage was coded unreliably, one explanation was that the individuals were unwilling to give personal information of this sort, or were unable to do so because of literacy problems, for example. We checked whether individuals could and were willing to give reliable personal information, using smoking status as an index of this. We coded smoking status as described by Pallonen et al. [3] , as shown in Fig. 1 . However, we did not use the algorithm question alone to do this. Instead, we created another algorithm to take account of responses to several relevant questions, described elsewhere [9] . As it is a commonly used outcome measure, we also coded smoking as regular smoker (at least one cigarette per week [11, 12] ) and not regular smoker (all others).
Analysis of Agreement for Stage and Smoking Status
We assessed agreement using the kappa () statistic and 95% confidence intervals (95% CI) [13] . indicates the degree of agreement above chance, with zero indicating no better agreement than we would expect by chance alone and one indicating perfect agreement. Altman [13] gives a grading scale for with Ͻ0.2 representing poor agreement, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as good, and 0.81-1.00 as very good agreement. For these analyses, we included only pupils with data from both sources and for whom a valid smoking status or stage could be allocated on at least one occasion. To have included pupils whose status agreed simply because it could not be allocated on both occasions would have falsely inflated agreement. For Sample 1, the computer invariably allocated smoking status and stage, so all pupils were included. However, for Sample 2, where both questionnaires were paper, smoking status or stage could be missing or contradictory on both occasions. Actually, in Sample 2, smoking status was allocated to all pupils on both occasions, except for one pupil on the second occasion. All 123 were therefore included in the analysis of agreement for smoking status. It was not possible to allocate stage to 11 (8.4%) pupils on the first occasion and 7 (5.5%) on the second, and not possible to allocate stage to 6 (4.9%) pupils on either occasion. These 6 participants were excluded from the analysis of agreement for stage.
We considered but rejected the use of a weighted . On the one hand, for example, acquisition precontemplation on test and acquisition contemplation on retest represents a less serious disagreement than acquisition precontemplation on test and cessation maintenance on retest. However, the processes that move individuals from one particular stage to the next are commonly unique to that stage [6] , so that it seems imperative to allocate stage exactly correct.
Analysis of Predictors of Agreement
From Sample 1, we merged the paper questionnaire data and computer questionnaire data, and from Sample 2, we merged both sets of paper questionnaire data. Agreement of stage was coded as present or absent. We used logistic regression to examine predictors of agreement, with smoking status and stage, together with four demographic variables, as predictors. These were age, coded as less than 14 years or 14 years and above, sex, ethnicity (coded as in Table 4 ), and deprivation. Deprivation was assessed by using a score derived from the census (Townsend score), which describes the characteristics of the postcode area of the young person's residence. It was divided into quintiles. All variables were entered as categorical terms.
For Sample 1, we used stage and smoking status derived from the paper, not the computer, questionnaire. Logistic regression was used with each variable added alone ("unadjusted model"), and then with all variables added ("stage adjusted" and "smoking adjusted"), regardless of statistical significance. There was strong collinearity between smoking status and stage, and therefore, we did not adjust for both simultaneously.
There were many fewer participants in Sample 2 than Sample 1, so we adjusted for smoking status, stage, and demographic predictors one at a time only. For Sample 2, if smoking status or stage could be allocated on only one occasion, we used this. If it could be allocated on both occasions, we used data from the first. Because there were few participants in some categories, we compressed some categories of the predictor variables (detailed in Table 4 ).
Analysis of Agreement for Individual Questions in the Algorithm
For Sample 1, for each question that corresponded on the algorithm from the paper and computer questionnaires, we calculated (95% CI). For Sample 2, we calculated the (95% CI) for the same items measured on both occasions.
RESULTS
Agreement for Stage and Smoking Status
The for stage showed moderate agreement in both samples ( Table 3 ). The for stage was 0.57 in Sample 1, where participants completed the parallel form reliability assessment. This was similar to Sample 2 (0.46), where participants completed the test-retest assessment. The for smoking status from both samples was identical at 0.77. For regular smoking versus all others, the represented excellent agreement at 0.85 and 0.87 for Samples 1 and 2, respectively.
Predictors of Agreement for Stage
No demographic predictors of agreement showed significant associations with agreement for stage in either sample (Table 4 ). Stage and smoking status both showed very strong associations with agreement for stage in both samples. Those who had never smoked and those who had no intention of smoking (those in acquisition precontemplation) were much more likely to have the same stage on retest as on the initial test. "All smoking stages" showed the strongest association with agreement. However, as this represents a conflated group, this simply reflects that smoking status was coded more reliably than stage was.
Agreement for Individual Questions in the Algorithm
Question 2 concerns starting smoking in the next 6 months and showed moderate reliability in both the parallel form (Sample 1) and test-retest (Sample 2) assessments (Table 1) . Question 3 concerns starting smoking in the next month and showed poor reliability in both assessments.
DISCUSSION
This study has shown that young people in two separate samples code the stages of change for smoking acquisition only moderately reliably. The majority of both samples were in acquisition precontemplation, as in other studies in adolescence [2] . This group had generally not tried smoked and had no intention to do so. Based on the logistic regression equation, about 90% of these young people record the same answers to the three questions necessary to put them in the same stage on retest. Only about 60% of those in other stages do likewise. Reliability was unrelated to demographic characteristics. The most unreliable question in the algorithm concerned starting smoking in the next 30 days. Can these findings of unreliability be trusted?
The Validity of the Reliability Assessment
The first issue to consider is the role of chance. In Sample 1, the sample was very large and the confidence intervals for for stage overall, and for particular items, were narrow. In Sample 2, however, only 117 pupils completed the study. The confidence intervals imply that the true value of reliability could lie within a range from fair to just into the good range. The reliabilities for particular questions in the algorithm wider confidence intervals, implying the true value of reliabilities could be hopeless or good. However, if it is assumed that both the parallel form and test-retest methods were valid, then the precision of Sample 1 strengthens the findings of Sample 2.
A second issue affecting the validity of our reliability assessment is that, in the parallel form assessment undertaken by Sample 1, not only the questions but the medium of presentation changed from paper to questionnaire. We are not aware of many studies that address whether, in itself, changing the presentation me- dium introduces differences that would have resulted in a falsely low reliability in this study. The only four studies we found showed little discrepancy between computerized and alternative methods of questionnaire administration [14 -17] . Clearly, this cannot be established directly in this study, but these studies and the similarity of the s from Sample 1 to those from Sample 2, where the medium did not change, suggests that the computerized administration per se was an unlikely cause of low reliability.
The most important question, therefore, is whether our parallel form assessment and our test-retest assessment were valid tests of the algorithm [3] . The questions relating to smoking acquisition in the paper questionnaire were identical to those published, but the wording of Question 3 in the computer program differed from the algorithm. Instead of "think that you may try smoking," the words "are you planning to try smoking" were substituted, which implies more definite intention. However, the point estimate for the reliability was higher for the paper-computer assessment than it was for the paper-paper assessment, and was only fair at best. We therefore conclude that this question truly has poor reliability.
Reasons for Unreliability of the Staging Algorithm
There are three reasons why stage of change may be measured so unreliably. The first is that young people may have moved stages. For Sample 1, where respondents completed a parallel form assessment on the same day, this explanation is not tenable. In Sample 2, there were 2 weeks between test and retest. Even here, this is unlikely because only 4 inconsistent pupils were in adjacent stages, and 16 were at least two stages away.
The second explanation for the poor reliability is that using the algorithm may not be a good way to code stage. Stem et al. [2] originally applied the stages to adolescent smoking. They used an 80-item questionnaire, reduced to 21 items after factor analysis. It may simply be that the algorithm is insufficiently subtle or the questions are confusing so that, although pupils have clear intentions with regard to cigarettes, this is not coded correctly. A third possible reason why stage is unreliable is that the stages of change are an inaccurate representation of the process of becoming a smoker in midadolescence. The stages as currently conceived permit only a few smoking experiences before regular smoking is deemed to have commenced. Furthermore, just as many people stopping smoking have a quit date, to which they count down, so the operationalization of the TTM stages implies, perhaps not as firmly, a start date. The start date concept seems implicit in the question "Do you think you may try smoking in the next 30 days" [3] . Leventhal and Cleary [12] proposed a behavioral model of gradual escalation of smoking over time, elaborated by Flay et al. [18] . In particular, experimenters are defined as repeated irregular use of cigarettes but not weekly use. It seems to us that experimenters would find it hard to answer Question 1, for, on the one hand, they have "tried smoking [more than] a few times," while on the other, they are unlikely to see themselves as "a smoker." This argument could therefore explain why those in preparation stage in particular are coded so unreliably by the algorithm.
Stage was assigned to individuals in acquisition precontemplation more accurately than it was for individuals in other stages (aside from the pseudo-stage representing all smoking stages). Kremers et al. [19] proposed that this stage actually consists of three subtypes. These are those who are sure never to start smoking (committers), those who did not intend to start smoking within the next 5 years but lacked clear commitment never to start (immotives), and those who intend to start smoking within the next 5 years but not the next 6 months (progressives). The evidence for the existence of subtypes within acquisition precontemplation and the integration of cognitive stage models with behavioral descriptions of smoking acquisition are explored in Kremer's Ph.D. thesis [20] . Kelly et al. [21] proposed an alternative subtyping of acquisition precontemplation. In this study, we grouped all those in acquisition precontemplation together. If this stage truly conflates several stages, then this would have resulted in reliability for this stage being overestimated.
CONCLUSION
This study showed in two separate samples, one using parallel form and one using test-retest assessment, that the reliability of the algorithm to code stage was moderate. Given that stage of change is the key concept in the transtheoretical model, moderate reliability is not enough. That it achieved moderate reliability was mainly due to the majority of the sample being in acquisition precontemplation, in which stage was coded much more reliably than in other stages. Despite the rather unusual parallel form assessment and the fairly small sample for test-retest, for the reasons we advanced, we believe our findings represent a valid assessment of the reliability of the algorithm for coding stage of acquisition in young adolescents. Based on the arguments advanced, we suggest that the main reason for the algorithm's unreliability is that the algorithm questions do not validly represent either the behavioral or cognitive stages of smoking acquisition.
The disappointing reliability of the staging algorithm has implications for the interpretation of our trial of TTM materials in adolescence [8, 9] , which neither prevented smoking nor assisted smokers to stop. If stage was not measured reliably, the "stage-matched" interventions cannot have always been appropriate. This result also has implications for observational studies. For example, Engels et al. [22] measured stage with an algorithm, albeit using a different time frame. That algorithms code stage in adolescent smokers only moderately reliably reduces the validity of this and other similar studies [3, 6] . Further research to code stage reliably is an important first step in the examination of whether the transtheoretical model is a useful explanatory paradigm for smoking acquisition and cessation in adolescence.
